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粘弹性是熔融聚合物的一个重要特性，通常可以利用离散线性松弛谱[ ],i ig λ
来进行表征。松弛谱一般由动态模量 ( ) ( ),G w G w′ ′′⎡ ⎤⎣ ⎦ 的实验数据计算得到。然而
松弛谱的计算是一个不适定问题，通常随着离散松弛谱个数的增加，问题的病态
性也加重。常用的线性回归方法的缺点是松弛时间需事先给定，且通常不一定满











到的松弛谱个数增加 1 或 2，会使得的计算结果更加准确；数据的残缺会加重问
题的病态性，适当考虑一些先验信息，应用 GENERE 方法，采用相应的正则化
算子，得到的计算结果较好。 后，对聚碳硅烷（PCS）材料松弛谱问题的研究





                                                        



















The viscoelastic behavior expressed by the discrete linear relaxation spectrum 
[ ],i ig λ  is one of the most important properties for molten polymers. This spectrum is 
commonly obtained from experimental data with the dynamic moduli 
( ) ( ),G w G w′ ′′⎡ ⎤⎣ ⎦ . The determination of the relaxation time spectrum has been 
recognized as an ill posed problem with degree of ill-posedness increasing as the 
number of relaxation times increases. One of the drawbacks of linear regression 
methods, apart from the obvious ill-posedness, is that the relaxation times are 
specified a priori. Unfortunately, we will show in this situation, the discrete Picard 
condition which is a necessary condition for obtaining good regularized solutions is 
often not satisfied in practical use. At present, a number of numerical packages (e.g., 
NLREG and GENEREG) have been developed to relieve the difficulties associated 
with the general linear regression methods by setting the integral kernel to be 
nonlinear. Nonlinear regression methods like IRIS allow the relaxation time to be 
freely adjustable. With these methods one can treat the problems properly for a 
sufficient wide range of experimental frequency. However there has no exhaustive 
study for the case of incomplete data sets. 
In this thesis, the emphasis is placed on cases of incomplete experimental data. 
effects of the time-scale truncation and errors of experimental data on the discrete 
relaxation spectrum are presented. How to represent the relaxation spectrum of a 
material by using the fewest possible Maxwell-modes (such a representation is called 
a ‘Parsimonious’ model) is discussed. A method based on program GENEREG with 
Parsimonious model is proposed. Numerical results show that the modified method is 
efficient and reliable to compute a discrete spectrum from a given set of experimental 
data. Based on the analysis on the standard ‘Gaussian spectrum’, it is found that .the 
data density is crucial for obtaining a more accurate spectrum. It also turns out that the 
experimental errors influence the range of relaxation time, and adding one or two 
more modes in spectrum calculation enhances accuracy of the solution. For a set of 
incomplete data, reliable results may be achieved if a prior information is given with 
the modified method. Finally through the analysis of the relaxation spectrum of 















This work was financially supported by the National Natural Science Foundation of China under Grant numbers 
10472908 
 

































的对称部分( D )与所加的切应力( τ )的大小成正比，这种流体就叫做牛顿流体。
牛顿流体的流变方程是[2]：  
2η=τ D                         (1-1) 
( )12

























                          (1-3) 
其中,V 是移动板的速度, H 是两板之间的距离,u 是流体在距底板距离为 y 的速
度。 
 
图 1.1 平行板间的剪切流 产生的应变速率为 V/H 
如果流体是牛顿体,则τ 与ε 之间是正比例关系，即 
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图 1.2 平行板的稳态剪切流,说明了粘度的定义 





图 1.3 非牛顿流体的表观粘度η 和剪切速率ε 之间的关系图 (Carreau 模型) 








































( ) ( ) ( )
t
t G t t t dtτ γ
−∞
′ ′ ′= −∫                    (1-5) 
或 
( ) ( ) ( )







′∫                    (1-6) 
其中τ 是应力，γ 是应变速率张量， ( )G t 是线性剪切松弛模量。注意到对于流体，
因其对未来的时间没有记忆，所以当 0t < 时 ( ) 0G t = 。当 0t = 时我们记
( )0 0G G= ， 0G 称为平衡模量，当材料是不交联的流体时， 0 0G = ，而对于固体
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